A novel high CMRR current output stage (COS) with QFG is presented in this paper. A novel common mode feedback (CMFB) is used to reject the common mode signal in order to achieve high CMRR. The common mode signal is omitted by the technique of adding the main signal and its opposite polarity one. 112 dB of CMRR is obtained in 0.35 µm CMOS technology with ±0.75 v supply voltage and only 182 µw power dissipation which shows good improvement compared to the other work in the literature.
Introduction
Current operational amplifier (COA) have been used as feasible alternative to traditional voltage amplifier (VOA) in order to use in high accuracy closed loop IC configuration [1] [2] [3] . Excellent performance feature of current mode blocks, have become main reason to use current mode signal processing instead of voltage mode. Today's, it is well known that high speed and accuracy, low level supply, small size and wide band dynamic range could be achieved by taking advantages of the current mode blocks [1] [2] [3] [4] [5] [6] . The current-mode output stage (COS) can be used as the end part of COA, moreover, it could be considered as voltage to current convertor (VIC) which is very significant analog block especially in high frequency applications [7] [8] [9] [10] . Many important properties of COA like offset and CMRR is determined by COS which shows great value of this block [7, [10] [11] [12] [13] .
Several COS's have been proposed in literature to improve the parameters like CMRR. [11] fixed the potential at the source of COA transistors by two auxiliary differential amplifier to improve CMRR. But these structures suffer from high power dissipation and high supply voltage. [14] used the same method to achieved high CMRR while it could decrease supply voltages to some extent. [10] used CMFF technique to improve CMRR, but suffer from stability and high supply voltage problem.
The COS's usually constructed in single input, differential output, however the fully differential structure can improve some properties like CMRR, PSRR [13] [14] [15] [16] . In this paper a simple fully differential structure of COS is proposed. The CMFB technique is used to remove the common mode signal in the output of COS to improve CMRR. This novel CMFB provide low voltage, low power and much higher CMRR compared to the others in the literature.
QFG transistors are the improved version of MIFG (Multiple Input Floating Gate) transistors [7] . These circuits achieve LV operation by implementing capacitive voltage dividers at the transistor gate. In QFG transistors, similarly to MIFG transistors, inputs are capacitively coupled to the transistor gate, but a very large-valued resistor weakly connects this gate to a dc bias voltage. In practice this resistor is implemented by a reverse-biased p-n junction of a PMOS transistor in cutoff [7] .
The rest of this paper is organized as bellow. Section 2 describes the circuit design procedure. Simulation results are demonstrated in Section 3 and concluding remarks are derived in Section 4.
Circuit Design
First, confirm that you have the correct template for your paper size. This template has been tailored for output on the custom paper size (21 cm × 28.5 cm).
The COS is fundamentally transconductance with differential output capability which can be realized by one or two source couple pairs shown in, Figure 1 . This structure also called floating current source COS [10] .
The traditional COS structure was renovated using two auxiliary differential amplifier shown in Figure 2 to improve CMRR by generating an inverted replica of the input signal, vi [11, 12] . The need for high supply voltage of about 5 volt is the main issue of this topology. In traditional COS depicted in Figure 1 , the differential and common mode transconductance, G md and G mc , can be written as bellow.
Considering (1) and (2) CMRR could be expressed as below
n and p stand for n type and p type transistor and R O represent the output resistance of the IB1, IB2 tail current source.
In the prevalent solution which used in [11] , the gate of M2 and M4 are set to constant voltage, which is usually the analog ground. This work Q1-4 shown in Figure 3 operates like quasi floating gate transistors and is used instead of normal MOS.
An idea based on eliminating common-mode signal is utilized in order to achieve high CMRR. By taking advantage of the quasi floating gate transistor, it is possible to add common-mode signal and it's inverted one to each other. In this case CMRR is expected to improve a lot. M5 and M6 are responsible for applying CMFB which is shown in Figure 3 .
Using this structure can decrease the differential mode gain inevitably; still omitting the common-mode signal which makes the common-mode gain come near to zero will increase the CMRR finally.
The schematic structure of the proposed COS is shown in Figure 3 in which M1 -M4 transistors and IB1 -IB2 tail current sources constitute the core structure of proposed COS while A1 is just an inverter with (ideally) unity common mode gain and zero differential gain one. M1 -M4 transistors would be Floating Gate type, although avoid using the expensive technology required to implement double opoly structures, they could be just regular simple MOS Transistors can be simulated/fabricated by regular common CMOS technology. However their inputs are coupled to the rest of the circuit by 10 pF capacitors as is shown in the figure.
 
G md and G mc of proposed COS is obtained as below. one some other which was in other literature to allow fair comparison and emphasize the achievement. Figure 4 exhibits the common mode transconductance gain of traditional and proposed work. (While the output load is set to 1 kΩ) and the differential gain comparison is derived in Figure 5 .
and so CMRR diagrams are demonstrated in Figure 6 which shows 55 dB improvements in dc value of CMRR. The simulation results confirm what is mentioned before about the improvement in CMRR despite decrement of differential mode gain.
CMRR
where The performance characteristics of simulated COS current output stage are tabulated in Table 1 and compared with some other structures of COS. The advantage of proposed COS is apparent, especially in power dissipation, voltage supply and CMRR.
c A and d A is the common mode and differential transconductance of CMFB circuit and R O1 represented the m1 drain-source resistance. To achieve high CMRR the CMFB circuit should have A c = -1 and A d ≠ -1, and it is possible if Equation (8) is established. 
Simulation
The proposed circuit in Figure 3 simulated with Hspice using model parameters of 0.35 µ CMOS process while the supply voltage is only ±0.75 v for acceptable comparison. In the following simulation we then compare the simulation result of the proposed COS with traditional To investigate the effect of technology process on performance of the proposed COS, Monte Carlo simulation are performed applying 5% mismatch on 2 important parameters of W/L, V th . The results shown in Figure 7 indicate good robustness of the proposed COS against those mismatches.
Conclusion
A novel simple CMFB is used to remove common mode signal in order to achieve high CMRR in differential COS presented in this paper. It was done by taking advantage of Quasi floating gate (QFG) transistors which add the main signal and it's opposite polarity one. Simulation results show very good improvement in CMRR, compared to others in literature. Also supply voltage and power consumption is decreased in this work.
